I
n a 1988 review for this journal of computerized modeling tools available for the economics classroom, James Breece observed that the invention of spreadsheet programs "appears to have many applications in the teaching of economics; however, for some reason such programs are grossly underutilized" (Breece, 1988, p. 500) . Since then, a number of interesting spreadsheet modeling applications have been disseminated through conference presentations, Web sites, articles, and books. Many of these applications differ considerably in their basic design, however, and this article provides a simple framework for thinking about the different types of spreadsheet applications. The framework calls attention to the high degree of flexibility that instructors have in designing spreadsheet applications and suggests to instructors alternative ways that they can tailor their spreadsheet applications to meet their specific instructional goals. The framework also highlights those characteristics of spreadsheet applications that are likely to promote integration of learning across courses in the economics curriculum.
There are many different ways to use spreadsheets in teaching economics. At the most basic level, some instructors find spreadsheets helpful in preparing for class by creating graphs or numerical examples, whereas others find it helpful to have students use spreadsheets in completing problem sets. In some cases, spreadsheets may facilitate the creation of laboratory sessions and a more active learning environment.
1 Furthermore, spreadsheet programs may be used in just about any topic area in economics and at any level of the curriculum. The basic row-and-column setup of the spreadsheet is natural for students to use because the setup is so similar to tables that appear in economics texts. What makes spreadsheet software so versatile, however, is the wide range of functions that the current software offers: from simple, user-defined formulas to built-in statistical functions, two-dimensional (2-D) and three-dimensional (3-D) graphs, simultaneous equation solving, linear programming, and matrix algebra operations. Spreadsheets may even be programmed to create individualized "courseware". Because spreadsheet programs can perform a wide variety of mathematical functions, instructors may use them to explore numerical examples in more detail than is practical with pencil, paper, and calculator. Such examples may be used to stimulate discussion and motivate the introduction of rigorous mathematical models, or they may serve as a pure substitute for the mathematics. We have found that using spreadsheet software allows us to increase the depth of study of some topics as well as tackle some topics that we previously considered too difficult.
With regard to our own use of spreadsheets, we have developed applications in different areas and we tend to use our applications differently. One of us (Cahill) mainly teaches macroeconomics courses, and he uses spreadsheets to examine relatively large models over many simulated time periods. He generally integrates spreadsheets into take-home assignments that are then used to facilitate classroom discussion, and only uses computer lab sessions occasionally. Macroeconomic spreadsheet models are developed and studied by incorporating new elements into a basic model and changing assumptions over the course of several assignments. He has incorporated spreadsheets into his courses incrementally over time. The other of us (Kosicki) teaches mainly microeconomics courses and so uses spreadsheets to construct relatively smaller models spanning a wider variety of topics. Spreadsheets have become an integral part of his courses, and he often teaches in a computer lab. Whenever it is practical, he favors a discovery approach to learning about economic models, and he moved relatively quickly to integrate spreadsheets once a reasonable computer lab was made available on our campus. In our department of 11 tenured and tenure-track economics faculty, most integrate spreadsheets into take-home assignments, and several conduct at least a few laboratory sessions using spreadsheets.
Our goal in this article is to demonstrate how the flexibility of spreadsheets allows instructors to tailor spreadsheet applications to serve many different instructional goals in many different instructional settings. By using spreadsheets in several different settings, there also are increased opportunities for curricular integration. Although the costs associated with developing spreadsheet applications are significant, we believe that the costs are manageable, even for instructors who are new to spreadsheets. We conclude that the advantages imparted to students by carefully tailored spreadsheet applications are significant, and we hope to encourage the development and use of such applications.
standing of the spreadsheet's format, commands, and idiosyncrasies. There is, of course, a middle ground in which students may be given partially completed spreadsheets or detailed written or oral instruction.
With regard to the second dimension, some applications use the mathematical capabilities of the spreadsheet as a black box to generate visual results from complex models and to explore changes in these models. In these applications, the formulas used to generate the graphs are not observable on the spreadsheet screen and students need not perform any mathematics ahead of time. Other applications, however, require a high degree of involvement in that students must first organize or simplify the problem using mathematics. The spreadsheet is then used to repeat tedious steps or to tackle steps that are mathematically unwieldy. A lesser degree of involvement occurs when students use the spreadsheet to perform a mathematical operation but they must understand the concept of the mathematical operation to use the spreadsheet correctly. One such example is using Excel's Solver, in which students must identify the objective function and clearly specify the constraints in order for the tool to work. The most basic form of involvement is simply to make the mathematical formulas visible to the students so that they can see a connection between the underlying formula and the specific numerical value that resides in a cell of the worksheet. Figure 1 summarizes the dimensions we use in this article to think about the different types of spreadsheet applications. The horizontal axis represents the degree to which students are involved in the mathematics of the problem (SIM), and the vertical axis represents the degree to which students are involved in spreadsheet construction (SIS). In the discussion that follows, we refer to spreadsheet applications as falling into one of the four quadrants shown in Figure 1 . For each of the quadrants, we present an example of an available application and give reference to others.
EXAMPLES OF RECENT SPREADSHEET APPLICATIONS

Low SIS-Low SIM Applications
A number of recent spreadsheet applications require little student knowledge of spreadsheets and largely eliminate student involvement in the mathematics of the problem (quadrant I). The first characteristic is achieved when the instructor sets up the spreadsheet ahead of time, often with a complex series of macros (programs run by the spreadsheet itself). The second characteristic is achieved when the instructor sets up the spreadsheet in such a way that the underlying mathematical formulas are invisible to students as they work with the spreadsheet.
An example of such a spreadsheet modeling application is shown below in Figure 2 . This screen is from the Problems in Microeconomics Web site created by Byron Brown (http://www.bus.msu.edu/econ/brown/pim/) 4 . This Excel workbook (cdutil98.xls) gives a 3-D look at a Cobb-Douglas utility function U = (10)S 0.3 T 0.5 . Shaded bands represent combinations of S and T that generate a utility level within a certain range; the dividing lines between the shaded regions represent combinations of S and T that yield a particular level of utility. By first clicking on one of the corners of the graph and then clicking and dragging on one of the "handles" that appears, students can manipulate the perspective of the graph. When looking straight down on the graph, the utility axis disappears and the plot appears as the indifference map of the utility function. Students are asked to rotate the graph and answer a series of questions, mainly about the properties of the preferences depicted by the utility function (e.g., are preferences convex? transitive? etc.). Answers to questions are recorded on the Answer Sheet worksheet ply.
Aside from learning the idiosyncrasies of rotating the graph, students need virtually no knowledge of Excel to explore the graph. As Figure 2 reveals, except for the Excel icon in the upper left corner of the window there is very little that would distinguish this chart from one made in a symbolic algebra software package such as Maple or Mathematica, or one that appears in prepackaged courseware like WinEcon. 5 Spreadsheet applications such as this make sense primarily in situations where the spreadsheet skills that are required for the application are particularly specialized or idiosyncratic and when the instructor does not feel it will be productive to engage students in the algebra of the problem. Despite their black-box nature, such applications can be quite useful in highlighting economic puzzles or patterns that can then serve as the basis for further classroom discussion.
Another interesting example of a low SIS-low SIM application is the Reservation Prices file from Mark Walbert's Intermediate Microeconomics Web site (http://www.econ. ilstu.edu/mark_walbert/eco240/240templates.html). 6 In this Excel file, reservation prices are generated randomly for a fixed number of buyers and sellers. The file then compares the reservation prices and finds an approximate price that will clear the market. Students may also click on buttons and generate graphs of the consumer and producer surplus that exists at the equilibrium price. The purpose of the exercise is to illustrate to students that the market mechanism generates the highest possible economic benefit to society.
High SIS-Low SIM Applications
A frequently overlooked alternative to the low SIS-low SIM approach is to engage students fully in the spreadsheet's construction but at the same time use the spreadsheet's built-in tools to eliminate the mathematical manipulations that traditionally would be needed to complete the problem by hand. This approach may be particularly attractive to instructors who wish to avoid entangling students in mathematics but at the same time help students develop marketable computer skills, just as other instructors may emphasize the development of writing or public speaking skills in their courses. 7 We categorize these types of applications in quadrant II of Figure 1 . Given the extensive list of features packed into modern spreadsheet programs, there is quite a range of difficulty in spreadsheet commands along the SIS axis of quadrant II.
The 3-D chart construction and rotation exercise shown in Figure 2 is a good example of an exercise that can be broken down so that students learn to construct the graphs from scratch, without the need for macro programming by the instructor. In a previous article, we provided detailed Excel instructions suitable for classroom use on the construction of 3-D utility function graphs similar to those in Figure 2 .
8 Such an application requires the students to give careful attention to the details of the spreadsheet setup and commands but at the same time minimizes the need for any mathematics. Excel's Table command, which is used to fill in the utility number associated with each combination of the two goods, functions very much as a black box, but the table that is created may be helpful for exploring the concept of indifference curves. 9 In Figure 3 , we show the key intermediate step in setting up a 3-D plot of a utility function showing goods x and y to be perfect complements. Note how the right angle pattern associated with the shape of the indifference curves is clearly visible by looking at the alignment of utility numbers in the table.
We believe that the primary value of setting up the utility function application in this way is that students need not wrestle with the algebra of transforming the utility function formula into formulas for the indifference curves, but they do learn some relatively advanced Excel features that could be useful in other courses. In addition, students learn some Excel skills that are likely to be useful in their future careers.
For another example of a high SIS-low SIM application, consider an exercise in which students add a regression line and regression equation to a 2-D Excel chart. Students do not need to understand the concept of a regression (or for that matter, even the word "regression") to insert what Excel calls a trendline into a scatter plot of data. Yet the exercise helps students understand that mathematical models may be estimated from data. A good use of the trendline in macroeconomics is the estimation of Keynesian consumption function parameters from actual consumption and disposable income data.
Low SIS-High SIM Applications
Some instructors may opt to involve students with the mathematics of the models but they may not wish to spend time teaching the idiosyncrasies of spreadsheet commands. These low SIS-high SIM applications (quadrant III) can take several forms. The simplest way is to make the mathematics of the problem more transparent by allowing students to click on cells and see the formulas that appear in those cells. More complicated options would be to have students derive key relationships in the model ahead of time, correctly set up a system of equations to be solved in the spreadsheet, or have students identify relationships in the context of user-friendly macros or Excel tools such as Goal Seek or Solver. For example, to transform the application shown in Figure 2 into a quadrant III application, the instructor could set up the data sheet shown in Figure 3 not using the Table command, but rather by entering the utility function formula directly into cell C7 using mixed references. The rest of the table can then be completed by using the Fill Down and Fill Right commands under the Edit menu (i.e., type the formula =min(C$6,$B7) into cell C7 of Figure 3 and then fill down and across). In this way, students who click on a particular cell within the table will then be able to make a connection to the underlying utility function.
Another example of a microeconomics application that requires very little student involvement in spreadsheet construction and yet takes a step toward increased student involvement in the mathematics of the model (by making the formulas transparent) is the cost-minimization application available from Mark Walbert's Intermediate Microeconomics Web site mentioned above. A screen from this cost-minimization application is shown in Figure 4. 10 In this spreadsheet, the student must use Excel's Solver to find the levels of capital and labor that minimize the cost of producing a fixed output. Rather than targeting a cell that contains the total cost equation (C 1 ) and then minimizing that cell, however, the problem is first simplified by entering the first-order conditions for cost minimization. Consequently, students use the cell labeled "objective" as the target cell for Excel's Solver and let the computer drive this cell to zero. What keeps the application from being simply a black box is that the formula for the first-order condition is clearly displayed in Excel's formula bar at the top of 11 Similarly, the formulas for the marginal products of labor and capital can be seen by clicking on the cells that contain those values. To the extent that the student must first derive the marginal product expressions, and ultimately the first-order conditions, this application would move even more squarely into quadrant III of our framework for categorizing spreadsheet designs.
Another example of a spreadsheet application that can be thought of as a quadrant III design is Mixon and Tohamy's (1999) Heckscher-Ohlin model. From the paper, it appears that students are asked to work out the mathematics of the model separately from the spreadsheet and then are given a spreadsheet graph that allows them to conduct a comparative static analysis to connect the mathematics to the graphical approach. Hunt (1995) also discusses how statistical concepts may be discovered, introduced, and studied by having students manipulate preprogrammed, highly transparent spreadsheets.
High SIS-High SIM Applications
Quadrant IV in Figure 1 combines the most demanding parts of quadrants II and III. In these exercises, students must work with the mathematics and be able to use Excel to study the problem. To move from quadrant II to quadrant IV, the mathematics of the problem are revealed; to move from quadrant III to quadrant IV, students must construct the spreadsheet themselves, in a similar way to the movement from quadrant I to quadrant II. To transform the quadrant I application shown in Figure 2 to a quadrant IV application, the instructor could have the students choose a particular level of utility and solve for the indifference curve equa- tion algebraically. This equation could then be plotted using Excel's Scatter (XY) plot option, with the points connected using Excel's smoothing option. Detailed instructions for this type of plot can be found in the Web supplement to Cahill and Kosicki (2000) . This supplement is available at http://sterling.holycross.edu/departments/ economics/mcahill/sejpaper.html.
For another example of a quadrant IV exercise, consider the multiplant cost-minimization application, also from the supplement to our Cahill and Kosicki (2000) paper. In this problem, students are presented with the problem of how to allocate a fixed output across a firm with two plants, where each plant has a different total cost function. Students are required to use Excel's Solver to find the solution and to keep track of what is happening to marginal cost and average cost, but the principle of equalizing marginal cost across plants is not discussed ahead of time. A good setup for exploring this problem is shown in Figure 5 .
In this application, students are given total cost equations (C 1 and C 2 ) for each plant and a total output (Q) target (initially 32 units). The students then must employ Excel's Solver to find the individual plant outputs that minimize total cost, subject to the total output constraint. Because the point of the exercise is to help students discover the equal marginal cost principle (and the irrelevance of average cost to cost minimization), students use the spreadsheet to keep track of marginal and average cost as output changes in each plant. The marginal cost equations are derived using calculus, whereas the average cost is just the plant's total cost cell divided by its output. Once a solution is found, students are urged to explore the implications of following the instinct of most decision makers to equalize cost per unit. By manually adjusting output in plants 1 and 2 to bring average cost in each plant closer, the higher total cost is easily observed. Students are also encouraged to repeat the exercise for different total output constraints to verify that the equality of marginal cost is a robust result. The application lends itself to experimenting by allowing students to start from a blank spreadsheet Cahill because most formulas are quite simple, yet the spreadsheet must be set up in a very organized fashion to complete the problem using Excel's Solver. For example, many students forget to include a cell for the total output, and hence reach an impasse when trying to instruct Excel's Solver to carry out the constrained minimization.
For an additional example of a quadrant IV application, consider another supplementary exercise from Cahill and Kosicki (2000) , the Solow neoclassical balanced growth model. Although the results of this model are well known to most instructors-long run per capita output grows at the rate of labor productivity growth, a higher saving rate means a higher level of potential output, and so forth-the mathematics of the model are complex for undergraduates. Furthermore, with even a simple Cobb-Douglas production function, it is impossible to solve numerical examples without the use of a numerical method (e.g., Newton's method). However, the ability of spreadsheets to solve simultaneous equations makes it relatively easy to generate and plot several time periods of data, allowing a detailed exploration of the model and its results. Because of the nonlinearity of the equations, detailed analysis is normally possible only with calculus. Figure 6 displays four periods of such a model, divided into the balanced growth path and the growth path of a generic economy (without the balanced growth assumption that capital grows at the same rate as the effective labor supply).
Still another quadrant IV example may be found in the spreadsheet chapter of book.
12 In this example, a numerical IS-LM-BP model is solved by using Excel's matrix algebra commands. For other quadrant IV examples, see Whigham and Whyte's (1999) use of a spreadsheet to visually depict an input-output relationship, Paetow's (1998) simulation of a long-term market equilibrium with several suppliers and consumers, Houston's (1997) use of Excel's Solver to study intertemporal optimization problems, Judge's (1996) description of student-developed Excel models, and Goddard, Romilly and Tavakoli's (1995) IS-LM-BP model.
Quadrant IV applications are easily moved toward quadrant III by giving students a completed (or partially completed) spreadsheet or a detailed set of oral or written instructions. This may be a good option for an instructor who may have very limited class time for such an exercise but wishes to study several numerical examples and perhaps conduct some sensitivity analyses.
For instructors considering quadrant IV-type applications, an additional benefit is that these applications seem to be the most likely to foster curricular integration. Applications that require students to construct the spreadsheets themselves increase the chances of curricular integration because they foster familiarity and confidence with a tool that can be used in many different courses at all levels of the curriculum. It also teaches them important career skills that remain largely undeveloped when more automated courseware is used. Similarly, those spreadsheet applications that make the mathematics more transparent and accessible help to bridge the gap between graphical and algebraic approaches, which is a useful skill that can be exploited in all courses.
Moreover, using spreadsheets in this way gives the students a chance to see how we approach models in our own research. For example, an important part of developing and evaluating a new model is determining the sensitivity of the model to alternative assumptions, and spreadsheet models make such analyses of numerical models manageable. Another part of theoretical research is determining the (sometimes surprising) implications of new models, and close analysis of the results of numerical spreadsheet models (especially under different formulations) is an exercise akin to this process. For example, it is the analysis of the marginal cost cell that leads to the general multiplant cost minimization results above. These spreadsheet modeling skills will likely be useful to students in their careers because many positions require not only knowledge of spreadsheet commands but also how to use spreadsheets to model various relationships.
CHALLENGES IN SPREADSHEET USE
For all the benefits spreadsheet programs bring to the economics curriculum, there are some important shortcomings. Although we believe that spreadsheet programs are the best overall package to use in a general economics curriculum, it is important that instructors consider some practical issues associated with the implementation of spreadsheets in the classroom. Regardless of which of the four spreadsheet design strategies an instructor adopts, an understanding of these practical issues will make actually using spreadsheets easier.
Limits of Spreadsheets
Most obviously, spreadsheet programs cannot manipulate algebraic models symbolically. Although we stressed above that the transparency of spreadsheets may aid in the under- standing of some algebraic models, the solutions offered by spreadsheet programs are necessarily numerical. Other software, including Maple, Mathematica, and DERIVE, do give symbolic solutions. In addition, the current versions of Maple and Mathematica offer a spreadsheet interface that combines many of the advantages of spreadsheets with the power of symbolic equation manipulation. However, we advocate the use of spreadsheet programs because of two important advantages: Spreadsheet software is automatically supplied to most college instructors, and spreadsheet software will almost certainly be used by economics students in the workplace after graduation. In addition, commands in spreadsheets are often simpler and easier to remember than the more sophisticated symbolic solution programs.
It should also be noted that although spreadsheets are useful in teaching statistics and econometrics, there may be benefits to using other statistical software. This is particularly the case with econometrics, as the built-in regression capabilities of spreadsheets are limited. On the other hand, spreadsheets may be quite useful in developing and understanding statistical theory; see Hunt (1995) , for example. For econometrics, numerical examples conducted using the matrix algebra commands may be useful in illuminating econometric theory.
Developing Applications
Developing spreadsheet exercises is very time-consuming. Although this process is made somewhat easier by using examples in the literature (some cited above), teachers must take considerable time to work through exercises before presenting them in lecture, labs, or problem sets. Even in applications in which students start with a blank worksheet (quadrants II and IV), instructors must commit a substantial amount of time to working with students to be successful. 13 Although the time cost of writing complex, macro-driven assignments is fairly obvious, the time associated with setting up student-run spreadsheet exercises may be less obvious, but nevertheless substantial. The time cost includes not only finding the most logical and compelling presentation of the spreadsheets (to guide students) but also becoming familiar with all commands, options, and possible hidden features or bugs in the software. To anticipate student difficulties, the instructor must pay close attention to the most appropriate options and be aware of default settings. For example, Excel as initially installed has an AutoComplete feature which fills in cells based on previous entries.
14 Although this problem is easily fixed by turning off the AutoComplete option, the instructor must be aware of how to do this. 15 Another example is that of "seeding" cells. Some Excel features (e.g., Solver or using the iteration option to solve simultaneous equations) will not provide the correct answer for some values unless a cell is given an initial "guess" appropriately close to the final answer. For example, the Solver might find a local rather than global optimum unless seeded. Furthermore, the tolerance option may allow the Solver to settle on an answer that is close to, but not exactly the optimum, when integer constraints are used. 16 In some situations, functions simply will not work with certain equations or parameter values. Overall, the best advice is for the instructor to try out each exercise on the computers that students will use and to be aware of a variety of possible settings to help students with troubleshooting. Finally, it should be noted that when new versions of software are released, features and command structures sometimes change, necessitating new rounds of testing.
Once an exercise is developed and presented, it will take many students considerable time to set up and complete the exercise, whereas other students will be able to work quickly. Generally speaking, we have found that without scheduling an extra lab class, instructors will find that it is not possible to complete the same quantity of material while using spreadsheet exercises, forcing the instructor to make some difficult choices about what topics to explore. Likewise, without the appropriate guidance, some students will find spreadsheet-based problem sets time-consuming and frustrating. Spreadsheet exercises in quadrants II or IV are ultimately rudimentary computer programming assignments and are subject to the same "garbage in, garbage out" constraints. Although students may find de-bugging wearisome, and instructors may find assisting de-bugging to be time-consuming, we believe that an important academic and life-skill lesson is learned when spreadsheets are perfected. Correctly setting up spreadsheets teaches students to pay careful attention to detail; this is particularly important when working with assumption-based models such as those in economics.
How are these practical problems to be addressed? On one hand, the best way to minimize student confusion is to give step-by-step instructions, either in person using a projector, or on a handout. However, with this approach, students may not learn the basic spreadsheet skills being presented, effectively moving the assignment into quadrants I or III. If, in addition, students blindly type in formulas, the assignment is effectively moved to quadrant I. On the other hand, if no direction is given, the students may experience long periods of frustration, and little content may be presented in a class. It is our view that the instructor must strike a balance between exploring the maximum amount of material and allowing students to discover answers on their own. When we present spreadsheets in a lab session, we generally have a discussion of how to set up the spreadsheet and then let students work in groups to complete the exercise, interrupting from time to time with short presentations and individual instruction. For more complicated examples, one of us provides students with a partially completed spreadsheet that requires students to understand the sheet to complete remaining critical cells. This avoids wasting time fixing careless mistakes without completely sacrificing the hands-on approach. When teaching macroeconomics, one of us provides detailed student instruction sheets the first time a model is developed or a command is used, and then less instruction on subsequent assignments as the model is expanded or given closer study. The earlier instructions provide a template for students who have difficulties with later material, but force the students to fully understand the mechanics of completing the exercise.
Measuring Results
Usually, the adoption of a new technology should be encouraged only if it provides a measurable improvement. Since our college is a small, liberal arts college, we have been unable to conduct controlled studies to evaluate the effectiveness of teaching with spreadsheet software. Furthermore, in our estimation it is likely to be difficult to measure the effectiveness of the software. First, using spreadsheet programs often necessitates both a change in the content of the course and the teaching style. Although we have noticed that students seem to pick up some concepts more thoroughly with the use of spreadsheets, it is difficult to make an objective judgment of the value of this versus the loss of material not presented. Ideally, the use of spreadsheet applications from quadrant II or IV should help to develop spreadsheet skills that can be used in other classes as well as in future careers. Consequently, the value of learning spreadsheet skills in general is likewise difficult to measure, but not impossible given that many schools already survey their graduates on a wide range of issues. spreadsheet applications can be tailored to fit many different instructional styles and settings. Each of the approaches surveyed above, however, involves considerable start-up costs. These costs are likely to be a serious hurdle to both junior and senior faculty. Younger faculty, who may have the most experience with spreadsheets, may be put off by these start-up costs because they already face start-up costs associated with developing courses for the first time. Moreover, it may take some experience teaching in traditional formats to understand which types of spreadsheet exercises fit into the syllabus. Established senior faculty, however, must overcome the tendency to sustain using a traditional approach that works successfully.
In our own experience, we feel that spreadsheet programs have significantly enhanced our teaching. We feel that we have been able to cover some material in better detail when using spreadsheets. It has also opened up the opportunities of teaching some material that was not possible before. Perhaps most important, spreadsheets allow teachers to show the practice of rigorous economics without relying too much on mathematics. We find that high spreadsheet and high mathematical involvement applications (quadrant IV) are particularly useful for exploring models with a minimum sacrifice of rigor. The spreadsheet interface forces students to understand and set up the fundamental relationships in a symbolic form and allows them the opportunity to "get their hands dirty" closely studying the models without extensive use of calculus or tedious, repetitive calculations. In many cases, the built-in functions of spreadsheets force students to think in a mathematical way, without actually completing the mathematics. For example, to use Excel's Solver, students must identify (and type in the cell address for) the function to be optimized, identify which is the choice variable to be changed, and set up constraints correctly. That is, although students do not have to derive first-order conditions, they must set up the problem in a mathematically logical way.
At the same time, we have noticed a relatively fast learning curve in addressing spreadsheet problems. Even for first-time users, we believe that the drawbacks of using spreadsheets are manageable if recognized ahead of time; we hope the above discussion will help head off some problems. Furthermore, there are a number of assignments already available in journals, textbooks, and on the Internet, reducing the need to develop new examples from scratch. For example, the Computers in Higher Education Economics Review (CHEER), available at http://econltsn.ilrt.bris.ac.uk/cheer.htm often publishes articles presenting spreadsheet examples, and the new Journal of Economic Education Online section and the new Southern Economic Journal Targeting Teaching section may provide some additional applications. book also provides several exercises, and the spreadsheets can be downloaded from the book's Web site (http://www. wiley.co.uk/wileychi/judge/). Unfortunately, however, there is still no central, online source from which spreadsheet applications may be downloaded. One solution would be for the Resources for Economists Web site (http://www.rfe.org) to create a category for spreadsheet applications within its Teaching Resources section. Such a clearinghouse site would help instructors to explore at minimal cost the many different types of spreadsheet applications and ultimately discover the types that work best in their instructional settings. Reducing start-up costs may also encourage instructors currently employing primarily quadrant I, II, or III applications to move to quadrant IV applications, which seem to offer the most promise for curricular integration.
